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ABSTRACT: A fishway is an artificial waterway or device used to resolve difficulties in the movement of fish in a river. Most
existing fishways are made of concrete and emit toxic substances, which has a negative impact on the river environment.
Accordingly, there is a need to develop fishway construction technology that is eco-friendly and can increase movement
efficiency. The technology presented in this study is an integrated porous structure that combines the aggregate with a
biopolymer material extracted from castor oil, a non-toxic material. It is a fishway construction technology using eco-friendly
materials that can allow vegetation to grow on the surface. In this study, an eco-friendly fishway mixed with biopolymer and
aggregate was built on a real scale and the fish movement efficiency was tested and analyzed. As a result of the experiment, a
total of 201 fish of 14 species were released with tags inserted, and the detection rate of released fish was confirmed to be
82.6% on average. A total of 40 fish of 6 species were transported upstream through the fishway, and the average passage rate
was confirmed to be 21.7%. As a result of checking the circadian migration pattern, it was found that all fish mainly migrate
during the day. It was confirmed that there was no significant functional difference between a fishway using biopolymer and
a concrete fishway. It is believed that a fishway using biopolymer can be used as a replacement for a concrete fishway.
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Fig. 1. Fishway installed using biopolymer.
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Fig. 3. Specifications of the fishing road.
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(c) Tag insertion (abdominal incision, Tag insertion, incision suture)

Fig. 4. Pit-tag insertion process.
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Fig. 5. Installation of pit-tag antenna, sensor module, and
solar rechargeable battery.

(b) Measurements
(Total Length (TL), Standard Length (SL), Body Weight (BWV))

(d) Inserted tag



D.J. Lee et al. / Ecol. Resil. Infrastruct. (2024) 11(1): 11-22 15

O, 00A] - 24 A| = S-S AT B 3h= F 43]Ak= AIE uig o2 o5 o] 554 (NIER, 2023)3} H]
FEAG O, WRAS 7 FOR A NS TR EAS] YR o5 o]=0] Bablsolns
At FAREAS YU EAREA (One-way ANOVA) A5}
2 53l =331 2 SPSS 24 (SPSS 24, SPSS Inc,

Chicago, IL, USA)E o|-&-3f] 4~343}%ic) 3. o1 Zn}
$2& o) 0] AT AR 44l0] WS SAEE
205 CMS 9| fre 2ol FRakac of e U] Speln it B B A} W 0.07-

ol Y Rl 2ARE flst SAE 4, 75 0.71 mQl Ao 2 UYeptow, Aol stz do5
S 233k S F 1 /HE AAsil o 24 FojAl= A S 2 YRyt (Table 1).
237 AHS A (P AFe 2R E 1/3,1/2,2/3 A S BA A H40.06 - 0.76 m/s 9] G453 H Y
), A 28] Skl B SN S 24 o, oA shrE A5 el = Ao = yEhyd
(Vm=1/2*(Vo+Vog)°l we} xvg,% £ =4 (4 T} (Table 2). Z8lo] Q)= 17} (Line 3, 5,7, 9)0] 29
FHEZ 1 28 o3l (Fig. 6). +4H 2 5 54 I} ABjato] -3t (Line 4,6, 8, 10) 2t} 0] WiiTh

-+ 2,200 cm il

— Fow Direetion

x

-
-

300 cmy 200 cm

460 cm 460 cm

- -
- -
- -
-
S oo o
- -
- -

Le- ¢ -
.-

Linel Line2 Line3  Line4  Line5 Line6  Lime7  Line8 Lined  Line10 Zan

#  Measurement Point

; ; mmm== Measurement Line  Slope : 1/20
|

Fig. 6. Water depth and flow velocity measurement points.

Table 1. Water depth measurement results

Water depth (m)
Location Round Point 1 Point 2 Point 3 Mean
(Right) (Center) (Left)
) 1 0.07 0.07 0.07 0.07
Measurement line 1 5 0.07 0.07 0.07 0.07
(Overflow wall)

Mean 0.07 0.07 0.07 0.07

Measurement line 2 1 0.22 0.20 0.19 0.20

(Between overflow wall and 1st 2 0.18 0.18 0.18 0.18

bulkhead) Mean 0.20 0.19 0.19 0.19

M line 3 1 0.19 0.18 0.15 0.17
easurement line

(1st bulkhead) 2 0.16 0.18 0.14 0.16

Mean 0.18 0.18 0.15 0.17

M t line 4 1 0.22 0.20 0.24 0.22
easurement line

(Between 1st and 2nd bulkhead) 2 0.21 0.20 0.24 0.22

Mean 0.22 0.20 0.24 0.22

M  line 5 1 0.23 0.23 0.23 0.23
easurement line

(2nd bulkhead) 2 0.25 0.24 0.21 0.23

Mean 0.24 0.24 0.22 0.23
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Table 1. Continued

Water depth (m)
Location Round Point 1 Point 2 Point 3 Mean
(Right) (Center) (Left)
M line 6 1 0.29 0.28 0.28 0.28
easurement line
(Between 2nd and 3rd bulkhead) 2 0.30 0.27 0.28 0.28
Mean 0.30 0.28 0.28 0.28
M t line 7 1 0.30 0.35 0.28 0.31
easurement line
(3rd bulkhead) 2 0.30 0.36 0.31 0.32
Mean 0.30 0.36 0.30 0.32
M  line 8 1 0.34 0.35 0.35 0.35
easurement line
(Between 3rd and 4th bulkhead) 2 0.34 0.35 0.36 0.35
Mean 0.34 0.35 0.36 0.35
M line 9 1 0.39 0.39 0.38 0.39
easurement line
(4th bulkhead) 2 0.39 0.39 0.38 0.39
Mean 0.39 0.39 0.38 0.39
M line 10 1 0.43 0.43 0.43 0.43
easurement line
(Between 4th and 5th bulkhead) 2 0.42 042 042 0.42
Mean 0.43 0.43 0.43 043
Measurement line 11
(Below the 7th bulkhead) 1 0.65 0.74 0.74 0.71
Table 2. Flow velocity measurement results
Flow velocity (m/s)
Location Round Depth Point 1 Point 2 Point 3 Mean
(Right) (Center) (Left)
M line 1 1 Vos 0.67 0.65 0.68 0.67
easurement line
(Overflow wall) 2 Vos 0.58 0.54 0.55 0.56
mean Vave 0.63 0.60 0.62 0.61
Vo2 0.50 0.10 0.40 0.33
1 Vos 0.50 0.20 0.45 0.38
Measurement line 2 Vave 0.50 0.15 043 0.36
(Between overflow wall and 1st Vo2 0.36 0.20 0.27 0.28
bulkhead) 2 Vos 0.33 0.32 0.38 0.34
Vave 0.35 0.26 0.33 0.31
Mean 0.42 0.21 0.38 0.33
Vo2 0.85 0.70 0.49 0.68
1 Vos 0.88 0.75 0.60 0.74
M line 3 Vave 0.87 0.73 0.55 0.71
easurement line
(1st bulkhead) Vo2 0.98 0.70 0.68 0.79
2 Vos 1.04 0.72 0.69 0.82
Vave 1.01 0.71 0.69 0.80
Mean 0.94 0.72 0.62 0.76
Vo2 0.01 0.16 0.62 0.26
1 Vos -0.01 0.11 0.88 0.33
Measurement line 4 Vave 0.00 0.14 0.75 0.30
(Between 1st and 2nd Voz 0.01 0.34 0.52 0.29
bulkhead) 2 Vos 0.03 0.32 0.79 0.38
Vave 0.02 0.33 0.66 0.34
Mean 0.01 0.23 0.70 0.32
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Flow velocity (m/s)
Location Round Depth Point 1 Point 2 Point 3 Vean

(Right) (Center) (Left)
Voo 0.05 0.73 102 0.60
1 Vos 0.30 0.65 120 0.72
. Voo 0.18 0.69 111 0.66
('\g‘f]f‘f‘;[m‘zg d;‘”e 5 Voo 0.09 0.85 0.60 0.51
2 Vos 0.38 0.87 124 0.83
Voo 0.24 0.86 0.92 0.67
Mean 0.21 0.78 102 0.67
Voz 0.95 0.07 2003 0.33
1 Vos 0.95 0.1 2002 0.35
Measurement line 6 Vave 0.95 0.09 -0.03 0.34
(Between 2nd and 3rd Vo2 0.91 0.06 -0.01 0.32
bulkhead) 2 Vos 0.95 0.02 -0.01 0.32
Vo 0.93 0.04 -0.01 0.32
Mean 0.94 0.07 20.02 0.33
Voo 0.90 0.70 0.30 0.63
1 Vos 0.88 0.78 0.25 0.64
_ Voo 0.89 0.74 0.28 0.64
gfjsgsfk’ﬁggé)“”e 7 Voz 0.81 0.89 0.40 0.70
2 Vos 0.72 0.83 0.34 0.63
Vo 0.77 0.86 0.37 0.67
Mean 0.83 0.80 032 0.65
Voz -0.02 0.05 0.55 0.19
1 Vos 20.02 0.02 0.78 0.26
y o Vo 20.02 0.04 0.67 0.23
(Bee?fviéi”é?é’ and 4th bulkhead) Vo2 -0.04 0.05 0.66 0.22
2 Vos -0.06 0.03 0.75 0.24
Voo -0.05 0.04 0.71 023
Mean 20.04 0.04 0.69 023
Voo -0.01 0.40 0.67 0.35
1 Vos -0.05 0.40 0.83 0.39
_ Voo 0.03 0.40 0.75 0.37
mteﬁsgﬂﬁ(’ﬁggé)“”e ° Voz 20.03 0.50 0.60 0.36
2 Vos 20.01 0.40 0.84 0.41
Vo -0.02 0.45 072 0.38
Mean -0.03 0.43 0.74 0.38
Voo 0.25 -0.10 0.03 0.06
1 Vos 023 0.10 0.03 0.12
y i 10 Vo 0.24 0.00 0.03 0.09
(B'Z?ﬁiéi"l‘?ﬁ and 5th bulkhead) Vo2 0.39 0.01 -0.04 0.12
2 Vos 023 0.01 20.04 0.07
Voo 0.31 0.01 -0.04 0.09
Mean 0.28 0.01 -0.01 0.09
y 1 Voz 0.05 0.06 0.01 0.04
(Bi?osvlf/r?rrreer;thm&lkhead) L Vos 0.05 0.09 0.10 0.08
Vo 0.05 0.08 0.06 0.06




18 D.J. Lee et al. / Ecology and Resilient Infrastructure (2024) 11(1): 11-22

Table 3. Analysis of passability by fish species

M | (D | maxmum | EEEED )
Species name wimming Depth (B) Passability Swimming Velocity (D) Passability
Depth (A) (1st (A<B) Speed (C) (1st (C>D)
() bulkhead, m) (MS)  lpuikhead, mis)

Erythroculter erythropterus 0.13 0.17 o 25 0.76 o
Coreoperca herzi 0.05 0.17 o 1.3 0.76 o
Opsarichifys uncirosts 0.07 0.17 o 15 0.76 o
Acheilognathus lanceolatus 0.04 0.17 o 1.1 0.76 o
Pungtungia herzi 0.04 0.17 o 1.1 0.76 o
Odontobutis platycephala 0.05 0.17 o 1.2 0.76 o
Silurus asotus 0.14 0.17 o 2.6 0.76 o
Pseudogobio esocinus 0.07 0.17 o 1.5 0.76 o
Micropterus salmoides 0.07 0.17 o 1.5 0.76 o
Carassius carassius 0.07 0.17 o 1.6 0.76 o
Lepomis macrochirus 0.04 0.17 o 1.1 0.76 o
Plecoglossus altivelis 0.06 0.17 o 14 0.76 o
Cyprinus carpio 0.1 0.17 o 2.3 0.76 o
Liobagrus mediadijposalis 0.04 0.17 o 1.1 0.76 o
Nipponocypris koreanus 0.05 0.17 o 1.1 0.76 o
Hemibarbus longirostris 0.06 0.17 o 14 0.76 o
Zzté;g/: chankaensis 0.04 017 o 1 076 o
Zacco platypus 0.05 0.17 o 1.1 0.76 o

EG, S| R 40| 2 fo] =3 A
o Uehgron, 2] 2% o|F (Line 5) §450] ¢
At g2l o] kb

24 BR R4S EESto] YR o) of
Faprhsol R BA 21} BE Fo| B /K53 0 R
5|91} (Table 3). oft= 1] 24 4 Tk 29
A 2 LR B3t 5401 017 m Gov), YR
oNF F 7V AL H2FGEAS AL v (0.14
m)HChE S:4J0] 2 A0 2 ek} R BE of 7
7hol =8 §3t 7R5 20 BAE gk of = ) X
o) 94 TAHE A 2 0 2 4501 0.76
mis O], YR 017 F 71 = ARG ES
PPAE ZHEA (L0 mis) Reb fd50] =3 Ao vt
I e s CER
AEi9ick

W o 5.0] o] 58 2191 ATk tag S ALY
FHOIFE 5 1452014750
Hitel ZAE olF & 143 17774

(Table 4). 75 7HA| ] TA1E&-2 Bt 82.6% & =2
A0 2 YERTh 7HA]E0] 100% 2 YERd 52 1] 7],
WA, w2, gol, o], #5650 = SRl g
Rom 7P e T2 e = 37A|) 7 R E QLo
AN 7F 22| =] 0] 33.3% 2] A& B Ylch B A
Alo] it I 21.7%2 UERgth o] 7MY 52
FIES Bl T2 HAAUR 58.6%2] e H
Rom oo ' we Ao} ERAR 16.7%9] 51}
&2 Bk

AR7I W 7] ol s HEHS ERIst At 7+ %
AR =7k oftof| ThE A Ukttt (Fig. 7).
HE o F7L F7bol| = o) F ot A o= Ueh ot
Bo] (F7F 59%, oF7k: 41%) 9} S22 (3271 57%, oF
7k 43%), A AY (F3F: 56%, o E: 44%)+= H]segh
HE-2 B30, vl (7R 71%, ok 29%)+=12A] -
13X]7} o] FAI7ke] g B elok 1e|ar w7, <
o], = = F ol A = gl o FE AR =T}

BRe A7t The ) Ve
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Table 4. Entrance antenna arrival rate for each fish per round
Species name e () Average
P 1 2 3 4 arrival rate (%)
Erythroculter erythropterus - - - 100 100
OpsaN/cﬁthys uncirostris 100 ) ) 100 100
amurensis
Pungtungia herzi 66.7 100 - 87.5 84.7
Odontobutis platycephala 50.0 - - 25.0 375
Silurus asotus - 100 - - 100
Pseudogobio esocinus 33.3 100 - 100 58.3
Micropterus salmoides 85.7 100 100 100 96.4
Carassius carassius - 50 50 100 66.7
Lepomis macrochirus 100 - 100 100 100
Cyprinus carpio - - - 100 100
Nipponocypris koreanus - 100 - 100 100
Hemibarbus longirostris 64 100 100 87.5 87.9
Squalidus chankaensis tsuchigae 100 - 100 100 100
Zacco platypus 50 - - - 50.0
Total 72.2 92.9 90.0 91.7 84.4
. T S Bay | Nighe | - I S Bay | Nigne |
| |
Erythroculter erythropterus Opsariichthys uncirostris amurensis
o N | Bay | Night | . T S Bay | Night |
| i
| i
L L - o IHT n N
Pungtungia herzi Odontobutis platycephala
oo I TS Bay | Nigne | Bay | Nigne |

o

]

Silurus asotus

© 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24
Houl

Fig. 7. Daily detection frequency during the experiment period.

Pseudogobio esocinus



20 D.J. Lee et al. / Ecology and Resilient Infrastructure (2024) 11(1): 11-22

Micropterus salmoides

[T
o Nione 2y

Lepomis macrochirus

Carassius carassius

o T
300 12

Dstectionfrecuency
o ¥
2 8
8 H

Zacco platypus

oo T TS Bay | Nigne | B3y T
| |
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